esp@cenet document view 



1/1 s<—i> 



ft # 

>2^DR GALLIUM NITRIDE-BASED SEMICONDIJctC 



CRYSTAL GROWTH METHOt^DR GALLIUM NITRIDE-BASED SEMICONDUCTOR LAYER 
CONTAINING INGAN LAYER; GALLIUM NITRIDE-BASED LIGHT-EMITTING ELEMENT, AND 
MANUFACTURE THEREOF 



Patent number: 
Publication date: 
In vent on 
Applicant: 
Classification: 

- international: 

- european: 
Application number: 
Priority number(s): 



JP1 1054847 
1999-02-26 

KIMURA AKITAKA; SASAOKA CHIAKI 
NEC CORP 

H01S3/18; H01 L33/00 

JP1 997021 3273 1 9970807 



Abstract of JP1 1054847 

PROBLEM TO BE SOLVED: To prevent the dissociation 
of In in an InGaN growth layer and minimize the worsening 
of crystailinity of a growth layer by sequentially forming the 
InGaN layer and an AIGaN layer at a particular substrate 
temperature, and by specifying the relations among the 
number of layers of AIGaN layers, thickness of each layer 
and Al composition ratio of each layer. 
SOLUTION: After the growth of an InGaN growth layer and 
an AIGaN indium dissociation prevention layer at a 
substrate temperature of 600 deg.C to 900 deg.C, when 
the substrate Is heated to temperature higher than or equal 
to 900 deg.C for the growth of GaN or the like, Ga atoms 
are evaporated from the AIGaN indium dissociation 
prevention layer. Because of this, the AIGaN indium 
dissociation prevention layer becomes an AIGaN layer with 
the aluminum composition being greater than that prior to 
raising of the temperature, and this layer prevents the slip 
of In atoms. Here, the relations among the number of 
layers, thickness of each layer di (i=1 N), aluminum 
composition xi (1=1,..., N) of each layer of an Abe Ga1-x N 
layer used as the indium dissociation prevention layer are 
so made so to satisfy the equation. 
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[fgjg] ttHttWSaTI nGaNltffULftilfc. 
M^SAl.Ga,., N/1 ( OSxgl ) jfc^jfilfc 

im&^m mmam 6 o o -cjsil 900 -c^itt— 
r&m.i&m.e 0 0 o^cjsitt— *4fctt«» 

JfcOA 1, Ga,., NJf (OSxS 1 ) JfSrJgfifcU £ 
«iaSSr9 0 0-CliLhl'#jS-rS. Al, Ga,., Nf 

(OSxSl ) Jf^DJfifeN, «-Jl<7DJS$ di (i = 

1 N ) . #®C0T;P5— ^iffl^Xi ( i = 

1 N ) ti s 
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iffi$m 1 1 i n g a n mz-sumitrtv v^&tm 
mnmM&Kfi&Th -> x s wmm. e o o -ca± 9 

O O-C&TT I n, Gai-,N S ( 0 < x S 1 ) £4-- 
5Sr<kfc-S-£tK --Ssfc*:J±«8Wltf> I n, Ga,., 

n s (osxs i ) zm&t&JMh. i-nex^fcis 

^LTS&jfl* 6 0 0 -CliLh 9 0 0"CJilTTA 1, Ga 
,., NS (0<xSl ) 5r^< kt>— S&tf. — J1S 
JtJ±1gSRJl^A 1 . Ga,., Nf (OSxS 1 ) 

-r sunk, s««assr9 o oic&uifcrrtisfc 
mawfrsfrfr msAi, Ga,., 

NS ( OSxsS 1 ) WSIRN. =g-Jf <7>J?$ di (i = 

1 N ) , «.B<DT/I^5— ^Ajffl^Xi ( i = 

1 N)<Z>IBKC 

[»1 3 

2[A] <10[ A] 

^Sr&ra^SiJt $ ixS c: k £ *f 8fc k -f & g-ffc# U •> A2% 

2 ] M*ig 1 iBJftiDM-fctf >J •> 
tSftlSS^JST-fc^T. KrfBA I.Ga,., NS(OS 

, Ga,., NS ( OSxS 1 ) <0T^£— ^Afflfltagg 
3 I nGaNS^-S-tfS-fb^rU^A^^Sg 

ToKftfrtt-ca-sT* mm&me> o o-cjjLk9 o ox: 

JaTT'In, Ga,., NS ( O <xS 1 ) £4*&< fc 1 
—S"£tf- — ®*7tti1ga®c^I n, Ga,., NS (0 
gxSl) SrJglfcTSIilk.. HlTf£XSi:jSigSLTS« 

0 OUlt 9 0 O-CHTT'A 1 , Ga,., NS 
(0<xSl) Srii*$r<ki>— S-£tr. — S£*:{±?ggC 
S<DA 1, Ga,., NS (OSxSl ) &Bf&-thTM 
k. S«iigJS^9 OCCiaJiCC-r&XSk^, HuEd^ 
Til«fc<i:fc#*. *>0. WtaAl, Ga,., NJf (0 
SxS 1 ) <0S8fcN s S-S^Sdi ( i = 

1 N) , 3-ScD7VPS-'7AJ§j£x i ( i = 

1 N)eorat:. 

[»2 3 

2iA]<2><i<iO[A] 

/-I 

mkumx-h^x. mha 1 , ca,., nkosx^ 
i ) ifiimomfrb**) . b«I2«is«^a i , g 

a,., NJS(OSxgl) ^T^S-^Afflj&^gtSlM 

*><b«®ffl9^*>ttria!iirr&ik Sr^k-t&g-fctfy 



^^S5-T 1 1 -54847 



CiW<JH5 3 if*JS3 jfc*:{±4te$j<7)S<fb# 'J -7A^ 

ft^^Sgm^T'&oT. TwfEI n, Ga,., NJf 

(os x g i ) {*#es?fc*:te?&tts-t'&6<rk£#a 

k-r iwb^ry '>A»«iHiH t o«8«6r&. 

[Hum 6 3 £«Ltk , mExaLh(=»Bca«6 o o-c 

Ul±9 0 0°CJaTTB£*L^: I n,Ga,., NS ( 0 < 
xSl) k t-JB-^tf . -Si*:fcMg!&Stf> I 

n,Ga,., NS (O^xSl) k. tTrlB I n, Ga 

NJB (OSxSl ) l=ttV>TfflRS«6 0 0t:i2Lt 
9 0 O-CtlTT-A 1 , Ga,., NJ1 ( 0 < x S 1 ) Sri^ 
3:< k *>-S#tK -SS^tiHsKS^A 1 , G a,., 
NJ1 (0SxSl)SrB£^L^l=SSiaJ^Sr9 0 0X: 
ULtKLTJgfifcLrtrA 1, Ga,., Njf(0<xSl) 
fc£*U HiTlBAl, Ga,., NJf ( 0 S x S 1 )c7>Jf 

SEN. ^SO/f^di (i = l Nh &m<r> 

T)V 5— »7 A|&j£x i ( i = 1 N)c0f3tC. 

[3*33 

2[A]<S^,<io[A] 
i- 1 

^£IR!<***i?t*:£ft£ i k Sr^Stk-r^^-fb^'J 

S>-iX^ mZA 1, Ga,., NS ( OSxS 1)jW*R 
COS*^^ 1 ?. miS^SOA 1, Ga,., NS 

izMfxmnvt&zt zismt-t z,m$c*fv *7J*#mt 

[ if 8 3 if^JS 6 ^ fc ii 7 ia®<O^L# >J ^7 
mm^X'h-oX. mZI n t Ga,., NSMOSxS 

i >?stts* tzummxhz z t *&&b-rz>m<tff 

[000 13 

mwnm-r zmsttm *mu±. -nsfe&i n, Ga 

,., N (0<xSl ) T«S*l.*iNWMiSr^«S:<fct 
lS-t-tt. — S$)SVH±^ISSc7)I n, Ga,., N (0 

[0 002 3 tti—m^l n, Ga,., N (0<xS 
1 ) T'a$fii»^#SSr^< k t lS*tr. -S» 
&V>Ji«^S^I n, Ga,., N (OSxSl) Srft 

[00033 

^/•j^Akiw^ffijw-sw^-fb^i^^it^- » 

$IJ^a:^/U^-3t><^:^ t\ *<r>tztb, HRs* I n, Al 
y Ga,.,. y N (OSxSl. OSy^K OSxfy 
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[0004] t&fc. JMrtTy *A*>*#M«fcU;i9 o o 
In, Gaj., N (OSxSl)T«hi*WM^) 

isa-c** 6 o o-ot^t 9 o ormK^KasT^ 

[0005] <Se^J 1 > m 1 Oti. I n G a N 

<S. Nakamuraet Al. f Extended Abstracts of 
1996 International Conferenceon Solid State 
Devices and Materials, yokohama, 1996, pp. 6 

7-69) . mi ote»wc % i^»byy^A*u-if 

(4. (11-20) S^SSttW r>( TSfi 1 0 

comber u * AflauutA 7771102, j^s*^ 

o.0BGa o . 9B N^7'y^fi6jhiBl 04. SStfiBflDSiX 
fc*£0. 4/z^NlAl M7 Ga 0 . 93 N;7yKI 

i o 5. fgs&mmztitzmi* o . iu* coNrnmit 

UV*?J*3tfi4 H1106. mi* 25 A (^Xhn 
-A) <r>T>Y—T<r>l n 0 . 2 Ga 0 .a Nl^#Flh 

K50A (^-ynhn-A) *or>K— :7V>i n 

o. osG a 0i 95 NP«JI*>&&& 7 SfflO*Sfi^#Fffl 
SSvSttB 10 7. A#^$*L3fcJ»$ 200 

A(^y^bD-A)^piAl Di2 Ga fli8 NJf6 
0 8. V^*i^A#^§*ifcJJ$0 . 1/zm <7>p 
ffl&ffctf y ^3fc#M KB 10 9. v^^^^A^gain 
SilXrifSO. l fl>07 Ga Oig3 N^77 
KBl 10. V^^A^aSJDSiifeflCSO. 2/xm 
^pfflHflWrU^Anv^^hJll 1 1. -v^/P 
(SUlJf ) *$J:tf£ (®2«) K^Piil 1 2. 

miM) &£VT)V$~*>J* (SB2JB) £>£>3r 
^NlSl 1 3jWBjSS*iTI**. £«S^#F1fij£« 
ttll0 7fcJ:lApSAl 0 , 2 Ga 0 . 8 NB608li:S 

isajgsoo'cre. pMa<b^y^A3ttxf>f kbi o 

9. plAl 0 . 07 Ga 0 .9 3 N^77KI110 s P SS^ 

wj^3^;mi i usmau&i o2o*ct' 

[0006] <«*«2> HI ICi. S^InGaN 

2^byu^A^3%5t^>f^-Ho»tB&»Tffl0T*>2> (S. 
Nakamura et Al. , Jpn. J. Appl .phys. 32(1993) L 

s) . hi uzm^T. z<os4t#v*?A&?&ty>(* 

— Ftt. (000 1) I^®i:nt7r>f7St2 
0 1±Ci. 5 OA (^y/Aho-A) OTfK 

-roM^'J ^-MKii**'^ 7ri 10 2. 



1103, a»tt^lS$2 00A (^y/xh 
O-jU) <T)l n 0 . 2 Ga 0 . 8 Nfg3£Ji2 0 7. 

^A^^snsiifcpsa^y ^3^^ h«i i 

1 . ^?cI>p1S2 1 2. r;U*~^A£*£>3r&N 
WM2 1 3jWK*S*iTV*4. I n 0 . 2 Ga 0 .8 NfBfc 
Ji2O7*5j:Vr>H-^Al 0 . 2 Ga 0 . 8 N16 0 
8l2Si£a£8 0 0*CT\ pM^k^y^Ar?v^^h 
1111 iiSSSJg 1 0 2 0X3T»J«*fLfc. 

[0 0 0 7] 

[9H&MKttUfc5 t-r&a®] mi Okr*$*ut^ t£ 
*OInGa NBcoiSJfcjsfcftSrifefciJ: DJSttB**JB«S 

•CTO^Sa^#F«JtSttil 10 7 0ME»fcM»T Lfc 
fJL pfflBfltffy ^AfttfM KH09 fr»jftT6«:af> 
1 0 2 0X:4T*a*&IRte. ^fifi^#FSi 

atvsttii 107 *<o-r j±&mmt h z t zm&t 

£fiS^#FJSS§*gftJl 107J:*} i>«BM 

^mmttFtmm&m 1 o 7Wilt. ^sa^ 

#F*t3tvSttJfl 07^^1:113^800^ Al 
0.2 Ga flJ N«6 0 8#»«Sjh.TV*&. L^L. I 
n, Ga lM N (O^x^l) Ul, Ga^, N (0 
<x^l ) l*te=?%R&m%2>t,zi>mt>T. 
l±A 1 o.2 Ga 0 . B Nil 6 0 8tf>JS£#2 0 OA (;*>- 

/^ba-A) fciP< , Tvus-^-M&fiSto. 

ttll07 fclfob 0 . ^Sfi^#F«Bgi5tt« 1 0 l<r> 
ISAtt^Wb^fcfcfeSJiTV^*. p1A1 0 . 2 
Ga 0 . 8 NJ!6 0 8<0J?$£$W<, ifct± % T/US-^ 

FKBtffittiB 10 7 *<7H >W 2±ififfiffethZL t SrR6 

[0 008] 01 KC^Sixfe. nGaNl^ 
t£Aj£«£i£fc: J: OJWlWWBKSnfcHftXf y 
«*^*-H(2»t>T<±. SSSS8 0 0tT^I.n 
0 . 2 Ga 0 . e NJBCjB2 0 7^)««)W»TLfc«. pI 

g^'J^^^y^; Mill t»jsM-&fcy>fc:3RK 

Sri 0 2 0X:4T*ffffl-r-&IRtC. In 0 . 2 Ga 0J 

[0 009] In, Ga,., Nil ( 0 

<x^ 1 ) £^*:< t ^>-ii*0. —/I S tz i&W&Mco 

tmwm&x'm&ztitz i n x G ai _ x (o^ 
x ^ i ) sr^t&a^y *><u&smifcm0)*v>4 w 

^A^. S^US^9 0 0 a Ctl±h^-l>C:i:^^^T 
»SI^-|>^^R6ihL. I n x Ga^, 

( 0 ^ x ^ 1 ) ^Bfttt^Wlit «/hBRti t i:'A6^ r k 
I n x Ga H N^SJl (O^x^l ) J: ^ 
t>*BBHfc. In. Ga,., NfiJc^l ( O^xSl ) 
SUT. A 1, Ga,., NJS (0<x^l ) Sr^<fc 
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iAl, Ga,., N>f ^2/^Aj|WH»±« (O^x^ 
f5#ltt<Oja\r> I n x Ga,. x Nj£ftJB ( O^x^l ) £ 

[001 1 ] 

^»*<o«iJW«*tai. s««as6 o o o 

-CiaTTI n, Ga,- X Nil (0<x^ 1 ) Z'J?&<t 

i>— m&ts. -mttzitwmmcoi n x Ga,_, ni 

(0£x£l) *»jfcr&IHfc, miBXfSfcjllg LT 
^SJSSOO^CfeLLQOO-CmTTA 1, Ga'j-, N 
if (0<xSi) fc^3Sr<fct>— JB*tf, — JKfcMffll 
SWi^OA l x Ga,., NS(O^x^l) imfcthJL 

nt. a«i»«s:9o-o i cia±^'r*xafcs. b?eih 

fl5T^<ttt^, TftlBAl, Ga lM N® 

(o^x^i > <z>«rn % z-mcomzdi ( i = 

1 N ) „ #Ji<^T/l^- T ^*Bi$;x i ( i = 

i n ) <om^ 

[0 0 12] 
[»4] 

2[A]<^Xid< 10[A] 

[00 13] ^^^^WvT^ix^c:i:$:#SSi:"r^. 
[0 0 14] lulfiA 1 , Ga,. x Nl (O^xS 

1 ) tfmkcomfr KTIB1SSC®^)A 1 x G 
a,- x N/f ( O^x^ 1 ) COT)l-$L—Kr£>mj&&&Wm 

[00151 sHMHttOfb? U * 
ffitfu S^iaJK6 0 0 < ceLL9 0 0°CKJlTTI n x Ga 
NJB (0<x£l ) £*^3r<fcfc— JB*tf. — JBi 
fcJiaRil^In, Ga,., NKO^x^l) 
nigi:, BulBXet^bTSSfflJKeOO-CUUi 
9 0 0°CtiTT*A l x Ga^, Nil ( 0<x^ 1 ) &'J? 
Kc< tt>— JB*tt. — »4feliaGR«^A l x G ai . x 
Nil (O^x^l ) SrJUfitr&Xgfc. 9 0 

0*CJa±^SXSh*, WE*^*^*:***** 
mflEA l x Ga lM NJB (O^x^l ) <7>Jf3a 

n , #sco/i:s di(i = i n k *Jf<or 

;l/$-^jBffixi ( i =l N) coO^. 

[0016] 

2iA3s£«ds5lOCA] 

[0 0 17] «r6BMR*«i»K:Sil4it SrWWt-fft* 



[0 0 18] SftllCAl. Ga,., NJtl (O^x^ 

i ) *£ffi»coii*^5: o „ mmwa&A 1 x g 

a,_, NJf ( 0^x£ 1 ) COT/l/^^Affi^SSl 

[0019] *»w^»fk«f >j ^ AawBteSRW. «« 
_tfc . i5ies«LJb^s«iae6 o o*ckLL9 o o-c&t 

tML^In, Ga lM NJi ( 0<x^ 1 ) £*Kt< 
4: *>— JB*tf . — /I*fci±«Wi^I n x Ga lM Nl 

(O^x^ 1 ) MIS I n x Ga!., NS(0^x^ 
1 ) (OR^T«RaiK6 0 0X&LL9 0 OrJTFT'A 1 
, Ga lM Nil (0<x^l) £4*&<fc t>— ®#tf. 
— »*fc«tBKIBWA 1 x G ai ., NS(O^x^l) 
£fifcgLfc«l::S«i&S$: 9 0 OX&LhtzLTjlZtiiLtz 
A 1 , Ga,-, Nl(0<x^l) tttL. 15IBA 1 
x Ga,. x NJf ( O^x^ 1 ) <7)/fi£N. ^Jf<7)jp$d 

i (i=l N) . &m<7)TJU*-i 3 72*mf&x 

i < i = 1 N) 

[0020] 

[R6] 

2[A]<2x^<iO[A] 

J-l 

[002 1 ] il.Hi^SWifcJrlfitn. 

[0022] i3tBUfBA l x Ga,., Nl ( O^x^ 

i ) tfumnrnfrtt o ; a*o. mimm<7)A 1 x g 

a,., NJI <0£x£ 1 > <7>r/PS-^AffljS#*S«fflJ 

a* sib ffi t wrc iiiirr 4 <r t £ mm t s • 

[0023] 

±Wi^fifflT»*S*lfcI n s Ga,., Nil(0< 

x^d Z'j?*<ti»-m&ts. -m*tzi±imm<oi 

n z Ga,., NJf (O^x^l ) (ISIT. I n x Ga 
i- x NJK*» ( O^x^ 1 ) fclB-T) 

o T m±th tzkb 
I n x G ai . s N££JB ( O^x^ 1 ) £*)hWm 
In, Gaj., N^Sl ( O^x^ 1 ) t:f I 
X. JtSW®?aT-?B«$iX^A 1 , Ga,., N®(0< 
x£ 1 ) 5:^< fc b—mStS. — iStlilBSiOA 
1, Gaj., NKOgx^l) (JjTFx A 1 , Ga 
L . x N-f y^AJWBBSjlJi (O^xgl ) tii-t) Z 

[0024] ilttG a NCOfifc*«± 100 0°CSJKJ2Lt^ 

{i$^>(i©a ( i 20 ox:mm&±.) ifi&Bbfth. L 

fc^TSKil«6 0 O -CULL 9 OOncfilTTI n x G 
a,., Nfi£ftif (O^x^l) . Al, Ga,., N>fV 
x^A»«IRfiihiB (O^x^l ) tJjt*Lfe«tl. Ga 
N*co«»<Ofei6(iai«* 9 0 0 9 Ci^LLt3 G 
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alWAl, Ga,., >WJ±MWf5±m ( 0 < 
xSl)KI?Et6. Al, Ga,., N>f 

Vi^AjgBilJfrjIJl (OSxgl) (4#;fiM4 OAlffl 
<=Sro*;A 1, Ga,., NJf ( 0<x=S 1 ) fc 
=3:9. nJS^ftft^|T6±'f--?.. &*JGaO 

mmwWfeli. Al, Ga,., N>f ^^^AJSgtKjhS 

[0025] c ^T'#ia^ptc#fiS;Sii^ a i m®.&*£ 

<^fcAI, Ga,., NS (0<xSl ) {±, *g^B£ 
gfcFI n, Ga,., NfiSAjf (0=£x=Sl ) tlt^r**: 
In, Ga,., Nj&HJf (OSxS 1 ) tf>j&B,1±lc 

[0026] z <r>m&'&cr>mikcr>mm*WL'bmt,z t 

-)fcAI, Ga,., NJ1 ( 0<xS 1 ) <5V"?7;* — * t 
LTA1, Ga,., U-4>itiJ£.ffim>}}±m (OSxg 
1 ) (Cfc-tt&A 1 iffl^t^/PcoatC^a L/C. A 1 , G 

a,., n 4 >i;yy j*Mtm±m (osxsi ) coa im. 

JjgfcJUJtfln, Ga,., Ns£*J|(OSxSl)lC 
-5-i&l^®S-p^S^y>. Al, Ga,., N^>^'>7A 

?mm±m (osxsn > osufctpssrA i*aj£ 

0. 1. J5£A<2 5A (^-y^hD-A) «A1 ( , , 
Ga 0 . 9 NJf mmi ) - A llfijfcO. 1 . J?£*<5 0 
A (^^XhO-A) «0A1,,, Ga,, s N« (f^ 
2) . a lffi^o. l. mz&i 00 A (ty/XhD 
-A) WAlo.i Ga,., Nl (g£*43) t-T4 3®I 

[0 0 27] WT. In, Ga,., Nj£^Jf (0£x£ 
1 ) mizmVXBl&t&A 1 , Ga,., N-fVj/'^AB 
BiBfritJl (OSxSl) iOffl«tff$^*^^rffiH^O 

[0028] isii ftm.Lti3fmcr>wsmtz#m%m 

Smi8.-fkmi.ZJ;*). JS3 3 3 0jum CO (11-20) 

m*mmt-?z>y-7T'tTmwLki oic, wejtw 

Affiig-''* -/ y rJ§ 1 02. TyY—TnW-Z l/xm cy 
<^l¥$3 0A (^^XhD-A) COI n 0 . 2 Ga,., 

Ng^FJftrvH-rcon^goA (*^ho 

7#Ffliit5 0 2. TVH— 7*<DA 1 0- IGaO. 9 
N-f V^^^^Hi|f6ihJg 5 0 3 fc#«U 1 0 

5 0x:cc#iaL7t». ?sY— ycomzo. ljun (7) 

U >7 AS 5 0 4 £ L£ . 
[0 0 2 9] 126 ii, 12 5 ICS* Sit*: A 1 0 . , Ga u 
Nil 5 0 3<OH$#2 5 A (*y^hD-A) COIS^J 

1. B7aAI,., Ga,,, NJf 5 0 3fW$#5 0A 
(*>7XhV-£.) «OSS*Sf2. 138(4. A ) 0 ., Ga 



0.9 N15 0 3OS$*si 00A (^-ynhn- A) 

p lx';; b>\s<?>mj£izt$wzmmyeMt lt<4. 

iftg3 2 5Nm WHe-Cdlz-f 
[ 0 0 3 0 ] 1 o. j Ga 0 . 8 NJg6 0 8141S 

$2 00 A (^ynbo-A) . TVWS^Affljfc 
0. 2TJ>5^ Al, Ga,., N -4 > ^ AJBSffi&ih 

a (osxsi ) nmztTius.-^mm.comzmi; 

««A.),., Ga,., NJ1608 J: *)'bi$< LTt>. 

te. i¥£fcT^$-^A*BJifcO«£'h$< U/i**oraf 
Srte^H* 5 I n G a N»fcHtxanSri^*>a* u->. 
[003 1] L*>U *&£i:J*$<oa*<2A (jf^X 
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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] InGaN It is the crystal-growth method of the gallium-nitride system 
semiconductor layer containing a layer. It is Inx Gal-xN at substrate 600-degree-C or 
more temperature of 900 degrees C or less. Inx Gal-x N of a monostromatic or two or 
more layers which contains a layer (0< x<=l) further at least The process which forms a 
layer (0<=x<=l), The process which forms the monostromatic or the two or more layers 
Alx Gal-x N layer (0<=x<=l) which contains further an Alx Gal-x N layer (0< x<=l) at 
least continuously with the aforementioned process at substrate 600-degree-C or more 
temperature of 900 degrees C or less, the process which makes substrate temperature 
900 degrees C or more - the aforementioned sequence - at least containing and 
between the number of layers N of the aforementioned Alx Gal-x N layer (0<=x<=l), the 
thickness di (i= 1, N) of each class, and the aluminum composition xi (i= 1, N) of 
each class, 
[Equation l] 

iml 

The crystal -growth method of the gallium-nitride system semiconductor layer 
characterized by filling an unrelated relation. 

[Claim 2] The crystal-growth method of the gallium-nitride system semiconductor layer 
characterized by being the crystal-growth method of a gallium -nitride system 
semiconductor layer according to claim 1, and for the aforementioned AlxGal-x N layer 
(0<=x<=l) consisting of two or more layers, and aluminum composition of a two or more 
aforementioned layers Alx Gal-x N layer (0<=x<=l) applying and increasing from a 
substrate side to a front-face side. 
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[Claim 3] Are the manufacture method of the gallium- nitride system light emitting 
device containing an InGaN layer, and an Inx Gal-x N layer (CK x<=l) is further 
included at least at substrate 600-degree-C or more temperature of 900 degrees C or 
less. The process which forms a monostromatic or a two or more layers Inx Gal-x N 
layer (0<=x<=l), The process which forms the monostromatic or the two or more layers 
Alx Gal-x N layer (0<=x<=l) which contains further an Alx Gal-x N layer (0< x<=l) at 
least continuously with the aforementioned process at substrate 600-degree-C or more 
temperature of 900 degrees C or less, the process which makes substrate temperature 
900 degrees C or more -- the aforementioned sequence - at least - containing - and 
between the number of layers N of the aforementioned Alx Gal-x N layer (0<=x<=l), the 
thickness di (i= 1, N) of each class, and the aluminum composition xi (i= 1, N) of 
each class, 
[Equation 2] 



The manufacture method of the gallium-nitride system light emitting device 
characterized by filling an unrelated relation. 

[Claim 4] The manufacture method of the gallium- nitride system light emitting device 
characterized by being the manufacture method of a gallium-nitride system light 
emitting device according to claim 3, and for the aforementioned Alx Gal-x N layer 
(0<=x<=l) consisting of two or more layers, and aluminum composition of a two or more 
aforementioned layers Alx Gal-x N layer (0<=x<=l) applying and increasing from a 
substrate side to a front-face side. 

[Claim 5] It is the manufacture method of the gallium-nitride system light emitting 
device which is the manufacture method of a gallium-nitride system light emitting 
device according to claim 3 or 4, and is characterized by the aforementioned Inx Gal-x 
N layer (0<=x<=l) being a barrier layer or a luminous layer. 

[Claim 6] The monostromatic or the two or more layers InxGal x N layer (0<=x<=l) 
which contains further at least the InxGal-x N layer (0< x<=l) which grew on the 
substrate and the aforementioned substrate at substrate 600-degree-C or more 
temperature of 900 degrees C or less, An Alx Gal-x N layer (0< x<=l) is further included 
at least following the aforementioned Inx Gal-x N layer (0<=x<=l) at substrate 600- 
degree-C or more temperature of 900 degrees C or less. It has the Alx Gal-x N layer (0< 
x<=l) which made substrate temperature 900 degrees C or more, and formed it after 
growing up a monostromatic or a two or more layers Alx Gal-x N layer (0<=x<=l). 
Between the number of layers N of the aforementioned Alx Gal-x N layer (0<=x<=l), 
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the thickness di (i= 1, N) of each class, and the aluminum composition xi (i= 1, N) 
of each class, 
[Equation 3] 



The gallium-nitride system light emitting device characterized by filling an unrelated 
relation. 

[Claim 7] The gallium-nitride system light emitting device characterized by being a 
gallium-nitride system light emitting device according to claim 6, and for the 
aforementioned Alx Gal-x N layer (0<=x<=l) consisting of two or more layers, and 
aluminum composition of a two or more aforementioned layers Alx Gal-x N layer 
(0<=x<=l) applying and increasing from a substrate side to a front-face side. 
[Claim 8] The gallium-nitride system light emitting device characterized by being a 
gallium-nitride system light emitting device according to claim 6 or 7, and being the 
aforementioned Inx Gal-x N layer (0<=x<=l) barrier layer or a luminous layer. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention contains at least one 
layer of semiconductor layers expressed with general formula Inx Gal-x N (0< x<=l) - 
it is further - it is - it is related with the crystal-growth method of a gallium- nitride 
system semiconductor layer of having Inx Gal-x N (0<=x<=l) of two or more layers 
[0002] moreover, at least one layer of semiconductor layers expressed with general 
formula Inx Gal-x N (0< x<=l) is included - it is further - it is - it is related with the 
gallium-nitride system light emitting device which has Inx Gal-x N (0<=x<=l) of two or 
more layers, and its manufacture method 



[Description of the Prior Art] Compared with other general compound semiconductors, 
such as an indium phosphide and a gallium arsenide, forbidden-band energy of a 
gallium nitride is large. Therefore, the application to the light emitting device over 
which the semiconductor (following gallium-nitride system semiconductor) expressed 
with general formula Inx Aly Gal-x-y N (CK=x<=l, 0<=y<=l, 0 <=x+y<=l) is covered 
ultraviolet from green, especially semiconductor laser (following only laser) is expected. 
[0004] the crystal growth of the former and a gallium nitride -■ the substrate 



n 




[0003] 
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temperature of about 900 degrees C or more - being also required - since the crystal 
growth of a semiconductor layer expressed with ****** and general formula Inx Gal-x 
N (0<=x<=l) had the high vapor pressure of an indium, it was performed at the 
substrate temperature of 600 degrees C or about 900 degrees C which is low 
temperature comparatively 

[0005] «conventional example 1» Drawing 10 is the outline cross section of the 
gallium-nitride system laser in which the barrier layer of multiplex quantum well 
structure was formed by the crystal -growth method of the conventional InGaN layer (S. 
Nakamuraet aluminum., Extended Abstracts of 1996 International Conferenceon Solid 
State Devices and Materials, yokohama, 1996, pp. 67 69). In drawing 10 this gallium- 
nitride system laser (11-20) On the silicon on sapphire 101 used as a front face, a field 
Thickness 300A 3 micrometers in thickness by which the gallium -nitride low- 
temperature growth buffer layer 102 of undoping of (angstrom) and silicon were added 
0.1 micrometers in thickness by which the N type gallium-nitride contact layer 103 and 
silicon were added N type InO.05GaO.95N crack prevention layer 104, 0.1 micrometers 
in thickness by which the N type aluminum0.07Ga0.93N clad layer 105 with a 
thickness of 0.4 micrometers by which silicon was added, and silicon were added 
In0.2Ga0.8 of undoping of the N type gallium-nitride light-guide layer 106 and 
thickness 25A (angstrom) The multiplex quantum well structure barrier layer 107 of 
seven periods which consist of N quantum well layers and InO.05GaO.95N barrier layers 
of undoping of thickness 50A (angstrom), and p type aluminum0.2 of thickness 200A 
(angstrom) by which magnesium was added 0.1 micrometers in thickness by which 
Ga0.8 N layer 608 and magnesium were added 0.2 micrometers in thickness by which p 
type gallium nitride light-guide layer 109, the p type aluminumO.07GaO.93N clad layer 
110 with a thickness of 0.4 micrometers by which magnesium was added, and 
magnesium were added The N electrode 113 which consists of the p electrode 112, 
titanium (the 1st layer), and aluminum (the 2nd layer) which consist of p type gallium- 
nitride contact layer 111, nickel (the 1st layer), and gold (the 2nd layer) of is formed. The 
multiplex quantum well structure barrier layer 107 and p mold aluminum0.2 Ga0.8 N 
layer 608 are 800 degrees C in substrate temperature, and p type gallium-nitride light- 
guide layer 109, the p type aluminumO.07GaO.93N clad layer 110, and p type gallium- 
nitride contact layer 111 were formed at the substrate temperature of 1020 degrees C. 
[0006] «conventional example 2» Drawing 11 is the outline cross section of the 
conventional gallium-nitride system light emitting diode in which the luminous layer 
was formed by the crystal-growth method of the conventional InGaN layer (S. 
Nakamura et aluminum., Jpn.J.Appl.phys.32(l993) L8). In drawing 11 this gallium- 
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nitride system light emitting diode (0001) On the silicon on sapphire 201 used as a front 
face, a field 4 micrometers in thickness by which the gallium-nitride low-temperature 
growth buffer layer 102 of undoping of thickness 250A (angstrom) and silicon were 
added In0.2 of thickness 200A (angstrom) by which the N type gallium -nitride contact 
layer 103 and silicon were added The Ga0.8 N luminous layer 207, p type gallium- 
nitride contact layer 111 by which magnesium was added, the p electrode 212 which 
consists of gold, and the N electrode 213 which consists of aluminum are formed. 
aluminum0.2 Ga0.8 N layer 608 of the In0.2 Ga0.8 N luminous layer 207 and undoping 
is 800 degrees C in substrate temperature, and p type galhum-nitride contact layer 111 
was formed at the substrate temperature of 1020 degrees C. 
[0007] 

[Problem(s) to be Solved by the Invention] In the galhum-nitride system laser which 
was shown in drawing 10 and in which the barrier layer was formed by the crystal- 
growth method of the conventional InGaN layer After formation of the multiplex 
quantum well structure barrier layer 107 with a substrate temperature of 800 degrees 
C is completed, In order to form p type gallium -nitride light-guide layer 109, in case the 
temperature up of the substrate is carried out to 1020 degrees C, in order to prevent 
that the indium in the multiplex quantum well structure barrier layer 107 dissociates 
Rather than the multiplex quantum well structure barrier layer 107, the multiplex 
quantum well structure barrier layer 107 is touched, and aluminum0.2 Ga0.8 N layer 
608 is formed in the front-face side at the same substrate temperature of 800 degrees C 
as the multiplex quantum well structure barrier layer 107. A lattice constant Inx Gal-x 
N (0<=x<=l) and Alx Gal-x N (0< x<=l) to also differ However, ******, In the 
conventional example 1, with 200A (angstrom), since [ thick and ] the thickness of 
aluminum0.2 Ga0.8 N layer 608 is as large as aluminum composition 0.2 A big lattice 
strain joins the multiplex quantum well structure barrier layer 107, and crystalline 
aggravation of the multiplex quantum well structure barrier layer 107 is brought about. 
On the other hand, it is thin in the thickness of p mold aluminum0.2 Ga0.8 N layer 608, 
or when aluminum composition is made small, there is a possibility that it may not be 
prevention, about the indium in the multiplex quantum well structure barrier layer 107 
dissociating by the temperature up of a substrate. 

[0008] In the gallium -nitride system light emitting diode in which the luminous layer 
was formed by the crystal-growth method of the conventional InGaN layer shown in 
drawing 11 After formation of the In0.2Ga0.8 N luminous layer 207 with a substrate 
temperature of 800 degrees C is completed, In order to form p type gallium -nitride 
contact layer 111, in case the temperature up of the substrate is carried out to 1020 
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degrees C, the indium in the In0.2 Ga0.8 N luminous layer 207 dissociates, and there is 
a possibility that light may not be emitted on the luminescence wavelength as a design 
value. 

[0009] The purpose of this invention contains further an Inx Gal-x N layer (0< x<=l) at 
least. The indium in the gallium-nitride system semiconductor layer which has a 
monostromatic or the Inx Gal-x N growth phase (0<=x<=l) of two or more layers 
comparatively formed at low temperature It prevents dissociating substrate 
temperature in connection with considering as 900 degrees C or more. And crystalline 
aggravation of an Inx Gal-x N growth phase (0<=x<=l) can be minimized. A front-face 
side is touched at an Inx Gal-x N growth phase (0<=x<=l) rather than an Inx Gal-x N 
growth phase (0<=x<=l). By clarifying composition of the monostromatic or the two or 
more layers Alx Gal-x N indium dissociation prevention layer (0<=x<=l) comparatively 
formed at low temperature which contains further an Alx Gal-x N layer (0< x<=l) at 
least, and the range of thickness It is offering the crystal-growth method which can 
form a crystalline good Inx Gal-xN growth phase (0<=x<=l). 

[0010] Furthermore, it is offering a gallium -nitride system light emitting device with 
sufficient properties, such as threshold current, using such a crystal-growth method. 
[0011] 

[Means for Solving the Problem] The crystal -growth method of the gallium-nitride 
system semiconductor of this invention The process which forms the monostromatic or 
the two or more layers Inx Gal-x N layer (0<=x<=l) which contains further an Inx 
Gal-x N layer (0< x<=l) at least at substrate 600-degree-C or more temperature of 900 
degrees C or less, The process which forms the monostromatic or the two or more layers 
Alx Gal-x N layer (0<=x<=l) which contains further an Alx Gal-x N layer (0< x<=l) at 
least continuously with the aforementioned process at substrate 600-degree-C or more 
temperature of 900 degrees C or less, The process which makes substrate temperature 
900 degrees C or more is included at least in the aforementioned sequence, and it is 
[0012] between the number of layers N of the aforementioned Alx Gal-x N layer 
(0<=x<=l), the thickness di (i= 1, N) of each class, and the aluminum composition xi 
(i= 1, N) of each class. 
[Equation 4] 

2[A]<!><i<10[A] 
[0013] It is characterized by filling an unrelated relation. 

[0014] Moreover, the aforementioned Alx Gal-x N layer (0<=x<=l) consists of two or 
more layers, and it is characterized by aluminum composition of a two or more 
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aforementioned layers Alx Gal-x N layer (0<=x<=l) applying and increasing from a 
substrate side to a front* face side. 

[0015] The manufacture method of the gallium-nitride system light emitting device of 
this invention The process which forms the monostromatic or the two or more layers Inx 
Gal-x N layer (0<=x<=l) which contains further an Inx Gal-x N layer (0< x<=l) at least 
at substrate 600-degree-C or more temperature of 900 degrees C or less, The process 
which forms the monostromatic or the two or more layers Alx Gal-x N layer (0<=x<=l) 
which contains further an Alx Gal-x N layer (0< x<=l) at least continuously with the 
aforementioned process at substrate 600-degree-C or more temperature of 900 degrees 
C or less, The process which makes substrate temperature 900 degrees C or more is 
included at least in the aforementioned sequence, and it is [0016] between the number 
of layers N of the aforementioned Alx Gal-x N layer (0<=x<=l), thickness di (i= 1, N) 
of each class, and the aluminum composition xi (i= 1, N) of each class. 
[Equation 5] 

2[A]<2^<10[A] 

M 

[0017] It is characterized by filling an unrelated relation. 

[0018] Moreover, the aforementioned Alx Gal-x N layer (0<=x<=l) consists of two or 
more layers, and it is characterized by aluminum composition of a two or more 
aforementioned layers Alx Gal-x N layer (0<=x<=l) applying and increasing from a 
substrate side to a front-face side. 

[0019] The gallium -nitride system light emitting device of this invention contains 
further at least the Inx Gal-x N layer (0< x<=l) which grew on the substrate and the 
aforementioned substrate at substrate 600-degree-C or more temperature of 900 
degrees C or less. An Alx Gal-x N layer (0< x<=l) is further included at least following a 
monostromatic or a two or more layers Inx Gal-x N layer (0<=x<=l), and the 
aforementioned Inx Gal-x N layer (CK=x<=l) at substrate 600-degree-C or more 
temperature of 900 degrees C or less. It has the Alx Gal-x N layer (0< x<=l) which 
made substrate temperature 900 degrees C or more, and formed it after growing up a 
monostromatic or a two or more layers Alx Gal-x N layer (0<=x<=l). It is [0020] 
between the number of layers N of the aforementioned Alx Gal-x N layer (0<=x<=l), the 
thickness di (i= 1, N) of each class, and the aluminum composition xi (i= 1, N) of 
each class. 
[Equation 6] 

2[A]<i>d,<iO[A] 

i-i 
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[0021] It is characterized by filling an unrelated relation. 

[0022] Moreover, the aforementioned Alx Gal-x N layer (0<=x<=l) consists of two or 
more layers, and it is characterized by aluminum composition of a two or more 
aforementioned layers Alx Gal-x N layer (0<=x<=l) applying and increasing from a 
substrate side to a front-face side. 
[0023] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained in 
detail with reference to a drawing. With the gestalt of this operation, the Inx Gal-x N 
layer (0< x<=l) comparatively formed at low temperature on the substrate is included 
further at least. In order to prevent that the indium in a monostromatic or a two or 
more layers Inx Gal-x N layer (0<=x<=l) (it is hereafter described as an Inx Gal-x N 
growth phase (0<=x<=l)) dissociates in connection with the temperature up of a 
substrate A front-face side is touched at an Inx Gal-x N growth phase (0<=x<=l) rather 
than an Inx Gal-x N growth phase (0<=x<=l). The monostromatic or the two or more 
layers Alx Gal-x N layer (0<=x<=l) (it is hereafter described as an Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l)) which contains further at least the Alx Gal-x 
N layer (0< x<=l) comparatively formed at low temperature is formed. 
[0024] Usually, although growth of GaN is performed at the substrate temperature of 
about 1000 degrees C or more, this is temperature to which not only N atom but Ga 
atom evaporates. However, an elevated temperature (about 1200 degrees C or more) is 
further needed for evaporation of aluminum atom/Therefore, when a substrate is made 
into 900 degrees C or more for growth, such as GaN, after growing up an Inx Gal-x N 
growth phase (0<=x<=l) and an Alx Gal-x N indium dissociation prevention layer 
(0<=x<=l) at substrate 600-degree-C or more temperature of 900 degrees C or less, Ga 
atom evaporates from an Alx Gal-x N indium dissociation prevention layer (0<=x<=l). 
For this reason, an Alx Gal-x N indium dissociation prevention layer (0<=x<=l) turns 
into an Alx Gal-x N layer (0< x<=l) to which aluminum composition became large from 
the temperature up front, and this layer prevents the omission of In atom. In addition, 
the rate of evaporation of Ga changes depending on a standby time after carrying out a 
temperature up in the temperature at the time of forming an Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l), the temperature after a temperature up, and 
the speed of a temperature up until it begins growth etc. 

[0025] Since a lattice constant differs from an Inx Galx N growth phase (0<=x<=l), the 
Alx Gal-x N layer (0< x<=l) to which aluminum composition created here at the time of 
a temperature up became large will give aggravation to the crystallinity of an Inx Gal- 
x N growth phase (0<=x<=l). 
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[0026] In order to mi nim ize the influence of aggravation of this crystallinity, its 
attention was paid to the product of aluminum composition in an Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l), and thickness as a parameter of the Alx Gal-x 
N layer (0< x<=l) which became large [ aluminum composition ] by evaporation of Ga 
atom. In order that aluminum composition and thickness of an Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l) may investigate the influence which it has on 
an Inx Gal-x N growth phase (0<=x<=l) layer, The aluminum composition 0.1 and 
thickness composition and thickness of an Alx Gal-x N indium dissociation prevention 
layer (CK=x<=l) The aluminumO.l Ga0.9 N layer of 25A (angstrom) (sample l), Three 
kinds of samples which the aluminum composition 0.1 and thickness make as the 
aluminumO.l Ga0.9 N layer (sample 2) of 50A (angstrom) and the aluminum 
composition 0.1, and thickness makes the aluminumO.l Ga0.9 N layer (sample 3) of 
100A (angstrom) were created. 

[0027] Hereafter, the range with optimal composition of the Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l) formed in contact with an Inx Gal-x N growth 
phase (0<=x<=l) layer and thickness is explained. 

[0028] Drawing 5 is an outline cross section common to three kinds of created samples. 
Setting to drawing 5 , a sample is 330 micrometers in thickness by the organic 
metalization study vapor growth. To silicon-on- sapphire top 101 used as a front face, a 
field (11-20) 1 micrometer in the gallium-nitride low-temperature buffer layer 102 and 
thickness of undoping The multiplex quantum well structure 502 of five periods which 
consist of In0.2 Ga0.8 N quantum well layers of thickness 30A (angstrom) of undoping, 
and gallium-nitride barrier layers of thickness 90A (angstrom) of undoping at 
**************** 50i am j substrate temperature of 650 degrees C, 0.1 micrometers 
in thickness of undoping after forming the aluminumO.lGaO.9N indium dissociation 
prevention layer 503 of undoping and carrying out a temperature up to the substrate 
temperature of 1050 degrees C The gallium nitride layer 504 was formed. 
[0029] The thickness of aluminumO.l Ga0.9 N layer 503 drawing 6 was indicated to be 
to drawing 5 is as a result of [ of pL spectrum / in / the room temperature of the sample 3 
of 100A (angstrom) / thickness / of aluminumO.l Ga0.9 N layer 503 / the thickness of 
aluminumO.l Ga0.9 N layer 503 the sample 1 of 25A (angstrom), and drawing 7 , and / 
in drawing 8 ] / measurement. / the sample 2 of 50A (angstrom) As the excitation light 
source in measurement of pL spectrum, it is the wavelength of 325Nm. helium-Cd laser 
was used. 

[0030] Although aluminum0.2 Ga0.8 N layer 608 of the conventional example is 
thickness 200A (angstrom) and aluminum composition 0.2 Even if it makes the 
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thickness of an Alx Gal-x N indium dissociation prevention layer (0<=x<=l), and the 
product of aluminum composition smaller than aluminum0.2 Ga0.8 N layer 608 of the 
conventional example Since a lattice strain with more unnecessary making the product 
of thickness and aluminum composition small is not introduced into an InGaN layer 
when there is no trouble in the purpose of preventing the maceration of an indium, it is 
desirable. 

[0031] However, in order that only the alumimium nitride (A1N) of under a monoatomic 
layer may remain when Ga atom evaporates altogether from an Alx Gal-x N indium 
dissociation prevention layer (0<=x<=l) at the time of a substrate temperature up if the 
product of composition and thickness becomes below 2A (angstrom) grade, trouble is in 
the purpose of preventing the maceration of an indium. Therefore, as for the minimum 
of the product of aluminum composition of an Alx Gal-x N indium dissociation 
prevention layer (0<=x<=l), and thickness which grows, it is desirable that it is larger 
than 2A (angstrom). 

[0032] the full width at half maximum of pL spectrum shown in drawing 6 in samples 
1-3 on the other hand - 105meV(s) the full width at half maximum of pL spectrum 
shown in drawing 7 - 85meV(s) the full width at half maximum of pL spectrum shown 
in drawing 8 - 120meV(s) it is - the full width at half maximum of pL spectrum shown 
in drawing 6 and drawing 5 compared with drawing 7 becomes large 
[0033] The graph which shows the relation of the full width at half maximum of the 
AL0.1 Ga0.9 N indium dissociation prevention layer thickness obtained from the 
measurement result of pL spectrum of samples 1-3 and pL spectrum is shown in 
drawing 9 . For the full width at half maximum of pL spectrum in the threshold current 
density and the room temperature of a barrier layer of gallium-nitride system laser, the 
full width at half maximum of pL spectrum [ in / the room temperature of the barrier 
layer / in order for there to be a close relation and to realize 2 or less-about 2 kA/cm for 
threshold current density ] is 120meV(s). It is desirable that it is below a grade. When 
aluminum composition of an Alx Gal-x N indium dissociation prevention layer 
(0<=x<=l) and the product of thickness become large, an unnecessary distortion will 
join an Inx Gal-x N growth phase (0<=x<=l), and will affect the full width at half 
maximum of pL spectrum. Therefore, as for the upper limit of the thickness of an Alx 
Gal-x N indium dissociation prevention layer (0<=x<=l), and the product of aluminum 
composition, it is desirable that it is smaller than 10A (angstrom). 

[0034] Thus, the relation of the number of layers N of the Alx Gal-x N layer (0<=x<=l) 
used as an indium dissociation prevention layer, the thickness di G= 1, N) of each 
class, and the aluminum composition xi (i= 1, N) of each class is the following (l) 
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formula. 
[0035] 

[Equation 7] 

2[A]<5><*<10[A] 

[0036] Things are understood that what is necessary is just a ******** range. 
[0037] In addition, in drawing 9 , it is brought about from two trade-olves called 
unnecessary distorted reduction with antiflashing of an indium that pL spectrum full 
width at half maximum (meV ) becomes the smallest near 60A (angstrom) as thickness 
in aluminum composition 0.1. 

[0038] The example which applied the gestalt of operation of this invention to below is 
explained. 

[0039] «example 1» Drawing 1 is the outline cross section of the gallium-nitride 
system laser of this invention formed with the application of the composition of an 
indium dissociation prevention layer and the relation of thickness which were explained 
with the gestalt of operation. In drawing 1 this gallium nitride system laser (11-20) On 
the silicon on sapphire 101 used as a front face, a field Thickness 300A 3 micrometers in 
thickness by which the gallium-nitride low-temperature growth buffer layer 102 of 
undoping of (angstrom) and silicon were added 0.1 micrometers in thickness by which 
the N type gallium -nitride contact layer 103 and silicon were added N type 
InO.05GaO.95N crack prevention layer 104, 0.4 micrometers in thickness by which 
silicon was added 0.1 micrometers in thickness by which the N type 
aluminumO.07GaO.93N clad layer 105 and silicon were added The N type gallium- 
nitride light-guide layer 106 is formed. At the substrate temperature of 800 degrees C, 
thickness 25A In0.2 of undoping of (angstrom) The multiplex quantum well structure 
barrier layer 107 of seven periods which consist of Ga0.8 N quantum well layers and 
In0.05Ga0.95N barrier layers of undoping of thickness 50A (angstrom), and p type 
aluminumO.l of thickness 50A (angstrom) by which magnesium was added Ga0.9 N 
layer 108 is formed. 0.1 micrometers in thickness by which magnesium was added after 
that at the substrate temperature of 1020 degrees C 0.4 micrometers in thickness by 
which p type gallium-nitride light-guide layer 109 and magnesium were added 0.2 
micrometers in thickness by which the p type aluminumO.07GaO.93N clad layer 110 and 
magnesium were added p type gallium nitride contact layer 111 of is formed. Titanium 
(the 1st layer) and aluminum (the 2nd layer) are used for the N electrode 113 at the p 
electrode 112 using nickel (the 1st layer) and gold (the 2nd layer). 

[0040] In an example 1, by adopting 50A (angstrom) as thickness of aluminumO. 1 Ga0.9 
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N layer 108, and adopting 0.1 as aluminum composition It reconciled preventing the 
maceration of the indium in the multiplex quantum well structure barrier layer 107 by 
aluminumO.l Ga0.9 N layer 108, and minimizing crystalline aggravation of the 
multiplex quantum well structure barrier layer 107 by aluminumO.l Ga0.9 N layer 108. 
Therefore, low oscillation threshold current is realized compared with the gallium- 
nitride system laser in which the barrier layer was formed by the crystal -growth 
method of the conventional InGaN layer shown in the conventional example 1. 
[0041] «example 2» Drawing 2 is the outline cross section of the gallium -nitride 
system light emitting diode of this invention with which the luminous layer was formed 
using the crystal-growth method of the InGaN layer of this invention. In drawing 2 this 
gallium-nitride system light emitting diode (0001) 4 micrometers in thickness by which 
the gallium-nitride low- temperature growth buffer layer 102 of undoping of thickness 
250A (angstrom) on the silicon on sapphire 201 which uses a field as a front face, and 
silicon were added The N type gallium -nitride contact layer 103 is formed. aluminum0.2 
Ga0.8 N layer 208 of undoping of the In0.2 Ga0.8 N luminous layer 207 of thickness 
200A (angstrom) by which silicon was added at the substrate temperature of 800 
degrees C, and thickness 25A (angstrom) is formed, p type gallium-nitride contact layer 
111 by which magnesium was added at the substrate temperature of 1020 degrees C is 
formed. Aluminum is used for gold and the N electrode 213 at the p electrode 212. 
[0042] In an example 2, by adopting 25A (angstrom) as thickness of aluminum0.2 Ga0.8 
N layer 208, and adopting 0.2 as aluminum composition The maceration of the indium 
in the In0.2 Ga0.8 N luminous layer 207 is prevented by aluminum0.2 Ga0.8 N layer 
208, Since it reconciled minimizing crystalline aggravation of the In0.2 Ga0.8N 
luminous layer 207 by aluminum0.2 Ga0.8 N layer 208, Compared with the gallium- 
nitride system light emitting diode in which the luminous layer was formed by the 
crystal -growth method of the conventional InGaN layer shown in the conventional 
example 2, the luminescence wavelength as a design value and the emission spectrum 
of narrow full width at half maximum are realized. 

[0043] «example 3» Drawing 3 is the outline cross section of the gallium -nitride 
system laser of this invention with which the barrier layer was formed using the 
crystal-growth method of the InGaN layer of this invention. In drawing 3 this gallium- 
nitride system laser (11-20) On the silicon on sapphire 101 used as a front face, a field 
Thickness 300A 3 micrometers in thickness by which the gallium- nitride low- 
temperature growth buffer layer 102 of undoping of (angstrom) and silicon were added 
0.1 micrometers in thickness by which the N type gallium -nitride contact layer 103 and 
silicon were added N type InO.05GaO.95N crack prevention layer 104, 0.4 micrometers 
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in thickness by which silicon was added 0.1 micrometers in thickness by which the N 
type aluminumO.07GaO.93N clad layer 105 and silicon were added The N type gallium- 
nitride light-guide layer 106 is formed, at the substrate temperature of 800 degrees C 
The multiplex quantum well structure barrier layer 107 of seven periods which consist 
of In0.2 Ga0.8 N quantum well layers of undoping of thickness 25A (angstrom) and 
In0.05Ga0.95N barrier layers of undoping of thickness 50A (angstrom) is formed. After 
that, 0.1 micrometers in thickness by which the p type AlGaN layer 308 of thickness 
50A (angstrom) by which magnesium was added at the substrate temperature of 1020 
degrees C, and magnesium were added 0.4 micrometers in thickness by which p type 
gallium-nitride light-guide layer 109 and magnesium were added 0.2 micrometers in 
thickness by which the p type aluminumO.07GaO.93N clad layer 110 of and magnesium 
were added p type gallium-nitride contact layer 111 is formed. Titanium (the 1st layer) 
and aluminum (the 2nd layer) are used for the N electrode 113 in nickel (the 1st layer) 
and gold (the 2nd layer) at the p electrode 112. 

[0044] The p type AlGaN layer 308 consists of two or more layers of aluminum 
composition different, respectively. The outline cross section showing the detail of the p 
type AlGaN layer 308 is shown in drawing 4 . In drawing 4 The p type AlGaN layer 308 
Thickness 10A by which magnesium was added p type aluminumO.l of thickness 10A 
(angstrom) by which p mold aluminum0.05Ga0.95N layer 401 of (angstrom), p mold 
aluminum0.075 GaO.925 N layer 402 of thickness 10A (angstrom) by which magnesium 
was added, and magnesium were added It consists of Ga0.9 N layer 403, p mold 
aluminum0.125 GaO.875 N layer 404 of thickness 10A (angstrom) by which magnesium 
was added, and p mold aluminumO.15GaO.85N layer 405 of thickness 10A (angstrom) by 
which magnesium was added. 

[0045] In the example 3, it reconciled preventing the maceration of the indium in the 
multiplex quantum well structure barrier layer 107 by the aforementioned AlGaN layer 
308, and minimizing crystalline aggravation of the multiplex quantum well structure 
barrier layer 107 by the aforementioned AlGaN layer 308 by [ which aluminum 
composition applies the AlGaN layer 308 to a front-face side from a substrate side, and 
increase ] constituting by five layers of thickness 10A (angstrom), respectively. 
Therefore, even if compared with the gallium nitride system laser in which the barrier 
layer was formed by the crystal-growth method of the InGaN layer of this invention 
shown in the example 1, low oscillation threshold current is realized further. 
[0046] Although gallium -nitride system light emitting diode given in gallium -nitride 
system laser and an example 2 given in the above-mentioned example 1 and an example 
3 is formed on the silicon on sapphire which uses a field (11-20) as a front face, even if it 
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forms a field (0001) on the silicon on sapphire used as a front face, it is convenient to 
operation of this invention. 

[0047] Furthermore, a gallium-nitride system light emitting device given in the above- 
mentioned examples 1*3 is a silicon-carbide substrate or MgAl 204, even if it does not 
form a field (0001) or (11-20) a field on the silicon on sapphire used as a front face. When 
fields other than a substrate, a gallium-nitride substrate or (0001) a field, and (11-20) a 
field are formed on other substrates called the silicon on sapphire used as a front face, it 
is convenient to operation of this invention. 

[0048] Moreover, operation of this invention is not restricted to the gallium nitride 
system light emitting device of the structure shown in the above-mentioned example, 
and it is convenient in the gallium-nitride system light emitting device of various 
combination, such as thickness of each class, composition of each class, doping 
concentration of each class, and an electrode material. 

[0049] Moreover, the Alx Gal-x N layer (0<=x<=l) which prevents the maceration of an 
indium does not need to be p type with which magnesium as shown in the above- 
mentioned example 1 and the example 3 was added, or undoping as shown in the 
above-mentioned example 2, and even if it is the N type by which silicon etc. was added, 
trouble does not have it in operation of this invention. 

[0050] Moreover, the Alx Gal-x N layer (0<=x<=l) which prevents the maceration of an 
indium Even if it consists of two or more layers from which aluminum composition 
differs and it does not increase [ aluminum composition as it indicated to be to the 
above-mentioned example 3 even if applies and ] from a substrate side to a front-face 
side There is an effect equivalent to the Alx Gal-x N layer (0<=x<=l) of the monolayer 
of the gallium-nitride system laser shown in the example 1. Moreover, it is applicable 
also to an example 2. 

[0051] moreover, aluminumO.l Ga0.9 Non GaN on aluminum0.2Ga0.8 N on the indium 
dissociation layer of a multilayer like GaN -- each aluminum composition and thickness 
taking into consideration and 600 degrees C or more 900 degrees C or less - what is 
necessary is just to grow up the multilayer at low temperature comparatively 
[0052] In addition, although this example indicated the case where an Inx Gal-x N 
growth phase (0<=x<=l) was made into a barrier layer or a luminous layer, it is not 
restricted to this. 
[0053] 

[Effect of the Invention] In the gallium nitride system semiconductor layer which has 
the monostromatic or the Inx Gal-x N growth phase (0<=x<=l) of two or more layers in 
which this invention contains further an Inx Gal-x N layer (0< x<=l) at least Even if 
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substrate temperature becomes 900 degrees C or more, the maceration of an indium can 
be prevented and crystalline aggravation of an Inx Gal-x N growth phase (0<=x<=l) 
can be minimized. 

[0054] Moreover, since a crystalline good Inx Gal-x N growth phase (0<=x<=l) can be 
formed, although a light emitting device with sufficient properties, such as threshold 
current, is offered, it can do. 
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[Brief Description of the Drawings] 

[Drawing 1J It is the outline cross section of the gallium -nitride system laser of this 
invention with which the barrier layer was formed using the crystal-growth method of 
the InGaN layer of this invention shown in the example 1. 

[Drawing 2] It is the outline cross section of the gallium -nitride system light emitting 
diode of this invention which was shown in the example 2 and with which the luminous 
layer was formed using the crystal -growth method of the InGaN layer of this invention. 
[Drawing 3] It is the outline cross section of the gallium -nitride system laser of this 
invention with which the barrier layer was formed using the crystal-growth method of 
the InGaN layer of this invention shown in the example 3. 

[Drawing 4] It is the outline cross section of the AlGaN indium dissociation prevention 
layer of the gallium -nitride system laser of this invention shown in drawing 7 . 
[Drawing 5] It is the outline cross section of samples 1-3. 

[Drawing 6] It is the graph which shows the measurement result of pL spectrum of a 
sample 1. 

[Drawing 7] It is the graph which shows the measurement result of pL spectrum of a 
sample 2. 

[Drawing 8] It is the graph which shows the measurement result of pL spectrum of a 
sample 3. 

[Drawing 9] It is the graph in samples 13 which shows the relation of the full width at 
half maximum of aluminumO.l Ga0.9 N indium dissociation prevention layer thickness 
and pL spectrum. 

[Drawing 10] It is the outline cross section of the gallium -nitride system laser using the 
Prior art. 

[Drawing 11] It is the outline cross section of gallium -nitride system light emitting 
diode using the Prior art. 
[Description of Notations] 
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101 (11-20) Silicon on Sapphire Which Uses Field as Front Face 

102 Gallium -Nitride Low-temperature Growth Buffer Layer 

103 N Type Gallium -Nitride Contact Layer 

104 N Type In0.05Ga0.95N Crack Prevention Layer 

105 N Type Aluminum0.07Ga0.93N Clad Layer 

106 N Type Gallium -Nitride Light-Guide Layer 

107 Multiplex Quantum Well Barrier Layer 

108 P Mold AluminumO.l Ga0.9 N Layer 

109 P Type Gallium Nitride Light-Guide Layer 

110 P Type AluminumO.07GaO.93N Clad Layer 

111 P Type Gallium -Nitride Contact Layer 

112 P Electrode Which Consists of Nickel and Gold 

113 N Electrode Which Consists of Titanium and Aluminum 
201 (0001) Silicon on Sapphire Which Uses Field as Front Face 

207 In0.2 Ga0.8 N Luminous Layer 

208 AluminumO.l Ga0.9 N Layer 

212 P Electrode Which Consists of Gold 

213 N Electrode Which Consists of Aluminum 
308 P Type AlGaN Layer 

401 P Mold AluminumO.05GaO.95N Layer 

402 P Mold AluminumO.075 GaO.925 N Layer 

403 P Mold AluminumO. 1 Ga0.9 N Layer 

404 P Mold AluminumO. 125 GaO.875 N Layer 

405 P Mold AluminumO. 15Ga0.85N Layer 

501 Gallium- Nitride Layer 

502 Multiplex Quantum Well Structure 

503 AluminumO.l Ga0.9 N Layer 

608 P Mold Aluminum0.2 Ga0.8 N Layer 



